Semi-empirical AM1 SCF-MO calculations have been used to find the structure optimization and conformational interconversion pathways of a system containing a six-membered ring. The system has the two symmetrical energy-minimum conformations, chair and twist. The chair conformation has the most stable geometry. Some quantum parameters such as HOMO and LUMO energy, the chemical hardness and chemical potential are discussed.
Introduction
With the rapid development of computer hardware and software, computational chemistry has become a popular tool for the study of molecules and their chemical reactions [1 -8] . Quantum mechanical calculations are also very important, because they provide a better basis for understanding the conformational changes of a molecule. Among the quantum mechanical methods, the semiempirical approach is known for its high speed and relatively high accuracy. Perhaps the most familiar semiempirical method is the Austin Model 1 (AM1), developed by Dewar and coworkers [9] .
The conformational behavior of six-membered rings has attracted considerable attention for a recent review [10] . Although six-membered rings preferentially adopt the chair conformation, some of them can choose the twist conformation [11 -13] .
Previously we reported the synthesis and X-ray crystal structure analysis of the molecular complex 5-(1-oximidoethyl)-2,2,5-trimethylhexahydropyrimidine and butanedione monoxime (see Fig. 1 ) [14] . X-ray results indicate that the perhydropyrimidine group (I) adopts the chair conformation. The present work aims to examine the different conformations of (I), using Semi-empirical AM1 SCF-MO calculations with the purpose of obtaining information on the lowest-energy conformers. Thus, the geometric parameters can be 0932-0784 / 04 / 1100-0853 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com compared with those obtained from experimental work. The chemical hardness and chemical potential were also calculated, and the principle of maximum hardness has been tested.
Method of Calculation
Semi-empirical calculations were carried out using the AM1 method with the MOPAC 6.0 program [15] . Energy minimum geometries were found by minimizing the energy, with respect to all geometrical coordinates without any symmetry constraints. The structures of the transition-state geometries were obtained using the optimized geometries of the equilibrium structures according to the procedure of Dewar et al. [16] (Keyword SADDLE). The local energy minima and transition-states on the potential energy surface were found using the Keyword FORCE [17] .
The chemical hardness (η) and chemical potential (µ) were calculated using the energies of the highest (HOMO) and lowest (LUMO) occupied molecular orbital. The chemical hardness and chemical potential are expressed with an orbital basis as
where I = E HOMO and A = E LUMO , I and A are the ionization potential and electron affinity of a molecule [18] . 
Results and Discussion
The results of semi-empirical AM1 calculations for structure optimization and conformational interconversion pathways (I) are shown in Figure 2 and Table 1. The energy surface for the interconversion of energy-minimum conformations of (I) was investigated in detail by changing different torsional angles. Seven geometries (four energy minima and three transition states) were found to be important in the de- scription of the conformational properties of (I). The chair, boat and twist conformations of (I) are shown in Fig. 3 along with the atom numbering used. The most stable conformation of (I) is found to be chair conformation in agreement with available experimental data [14] . The heat of formation and zero point energy, total, electronic, core-core repulsive, HOMO and LUMO energies, the chemical hardness (η) and chemical potential (µ) for the chair, twist and boat conformers of (I) are shown in Table 2 . The chair conformation is calculated to have the lowest heat of formation (∆ H 0 f ). As the twist form has a higher (by ≈ 3.10 kcal/mol) ∆ H 0 f than the chair conformation, it
is not expected to be significantly populated at room temperature. The structural parameters for chair, twist and boat conformations of (I) are given in Table 1 . It can be seen that N-C and C-C bond distances are in very good agreement with experimental values, being the absolute error about 0.01Å for the chair, twist and boat conformers. Bond angles in the chair conformer are in excellent agreement with experimental data being the absolute error (less than 1.00).
The highest occupied molecular orbital, HOMO, and the lowest unoccupied molecular orbital, LUMO, of a molecule are called the frontier orbitals. It was Fukui [19] who first noticed the prominent role played by HOMO and LUMO in governing chemical reactions. It has been revealed by recent investigation that the gap in energy between the HOMO and LUMO is an important stability index [20 -22] . A large gap implies high stability and small gap implies low stability. The high stability in turn indicates low chemical reac-tivity and small gap indicates high chemical reactivity. The energy and symmetry type of, and the charge distribution in HOMO, and the energy and symmetry type of LUMO are known to determine the structures of molecules [23 -25] . The index of chemical reactivity and stability of a molecule is its chemical hardness. Increase in hardness increases the movement of the system towards a more stable configuration and when a chemical species moves away from its equilibrium configuration its hardness value decreases. When a system evolves towards a state of greater hardness, its stability increases.
The chemical hardness (η) and chemical potential (µ) have been calculated for chair, twist and boat conformations of (I) using the molecular orbital energies, and the values are summarized in Table 2 . According to the maximum hardness principle (MHP) the molecules arrange themselves with maximum hardness [26 -29] . The chair conformation has the maximum hardness value, which is the minimum energy conformation. Therefore, again we concluded that the minimum energy conformation has maximum hardness value in accordance to the Pearson's maximum hardness principle.
